Abstract: This paper considers the diagnostic value of a computer screening system as an alternative, or adjunct, to traditional battery testing systems in identifying the presence of specific learning disabilities (SLD) in university students. In the present times of increasing numbers of students with various forms of disabilities entering tertiary education, institutional fiscal constraints, problems with employing and securing professional staff, and the heightened value placed on time, it would seem sensible to utilize cost and time efficient systems for diagnosing the presence of disabilities in students. This paper therefore considers the use of the Lucid Adult Dyslexia Screening (LADS) system, and draws from the university casebook of one psychologist to highlight its usefulness in terms of increasing accessibility to assessment and associated services. It is argued that, because the diagnostic phase is crucial to the approval and implementation of accommodations, efficiency in the assessment process contributes to reducing barriers that students with SLD may face in gaining access to equitable assistive resources. The conclusion suggests that LADS is a cost and time efficient system, but needs to be used judiciously by considering the clinical history of the student. Scope for further research is also indicated.
INTRODUCTION
The assessment and didactic implications of specific learning disabilities (SLD) are critical discussion points that need to be continually addressed by higher educationalists [1] . The use of diagnostic systems for determining the presence or absence of a SLD is necessary, as it creates a platform for implementing effective interventions to address the problems facing students with this type of disability. This paper considers the issues of diagnosis and intervention within the university system. It further presents a case example that draws from the clinical and educational experiences of the present author who initiated the use of a computerized screening system to improve accessibility to timely assessment for students with SLD and to generate more opportunities for assistance from disability agencies and faculty within the university.
A general definition of SLD was provided at the Center on Disabilities Technology and Persons with Disabilities Conference in 1997 at the California State University [2] . It states that SLD is a disorder in one or more of the central nervous system processes involved in perceiving, understanding and/or using concepts through verbal (spoken or written) language or nonverbal means. This disorder manifests itself with a deficit in one or more of the following areas: attention, reasoning, processing, memory, communication, reading, writing, spelling, calculation, coordination, social competence and emotional maturity.
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It is important to note however that definitions of SLD have developed over recent times. Jordan [3] suggests that definitions of SLD went through several iterations such that by the early 1980s there were more than 200 definitions of learning disability that were publicly available, and further refinements continued into the 1990s. Jordan further states that in the 1990s several common concepts were being developed; specifically these were: learning disability, learning difference, learning difficulty, and late development. A further term used interchangeably with SLD is dyslexia. Dyslexia is defined as a disorder of single word reading or spelling, and there is often a problem with working memory and left-right discrimination [4] . Differences between the two terms are difficult to discern and depend on the usage of test batteries, different legal systems, tradition and professional inclination in terms of using diagnostic labels, and regional and geographical preferences. In the UK, the term dyslexia appears to be more commonly used whereas in the US the use of SLD is more prevalent [5] . Nonetheless, SLD is a more generic term and includes dyslexia which is a more specific term suggesting the presence of a reading disorder [5, 6] .
Currently, the ability-achievement discrepancy determination method is the most widespread system for determining the presence of SLD [7] . The IQ-achievement discrepancy determines the presence of SLD if students score below their IQ expectations in specific areas, such as reading, writing and mathematics [8] . There is evidence that this diagnostic system provides a platform for the implementation of suitable interventions, in the form of accommodations which increase the probability of academic attainment for students with SLD within educational settings [9] . However, Kavale [10] contends that the predominant definition of SLD, based on an exclusive discrepancy notion, has problems with it being too 'vague' in that it has a wide brief, but in its expansiveness is also unlikely to be wrong: thus students may be diagnosed with SLD even if this may not be the case. Additional concerns with the use of the discrepancy method include consistency across tests, temporal stability of results, validity problems in terms of decision making, and the implementation of effective and timely interventions [7] . The problems associated with definition also affect the accuracy of determining the prevalence of SLD [11] .
The worldwide prevalence of students with SLD in higher education may be as high as 10-12% [12] . Other more conservative estimates of prevalence range from 2-10% [6, 8, 13] . In addition, it is four times more likely for males to have SLD [14] . However, some recent research suggests that this gender difference may not be so marked [13] . The problems in determining exact prevalence are further complicated by different combinations of SLD, such that "2.3% had combined reading and arithmetic disabilities, 3.9% had a disability in reading only, and 1.3% had a disability in arithmetic only" [13] .
The problems associated with the discrepancy theory have generated an interest in refining the determination of SLD. Kavale [10] has put forward a responsiveness to intervention (RTI) theory in relation to determining the presence or absence of SLD. The RTI theory of determination relies on two steps, specifically identification of a learning problem and implementation of an appropriate intervention strategy. In contrast, the discrepancy theory focuses purely on identification of a specific disorder in relation to an overall IQ measure [8] . The RTI system is an outcome-based model, whereby students are identified as having problems in a specific area, such as reading, and are then provided with an authenticated intervention. If students are able to markedly improve in their areas of learning deficit, then a diagnosis of SLD would not be made. However, if students are unable to respond then a diagnosis of SLD would be warranted. As such, the RTI system has a "non-responsiveness" basis to its decision making formula. The rationale that underpins this formula requires greater clarification, given that some interventions are designed to address the learner's SLD and thus would be expected to be effective despite the presence of the SLD.
The process to ascertain the presence or absence of SLD among students in New Zealand universities is fairly standardized and is based primarily on using a discrepancy approach [15] . The process for determining the presence of SLD requires authentication from several sources. These include: (i) personal history; (ii) clinical presentation in terms of educational and medical history; (iii) letters or reports from specialists in areas such as educational psychology, neuropsychology, neurology or psychiatry; and (iv) verifiable findings from an appraisal using a battery of psychological tests. This information provides the basis for a decision that culminates in whether or not students are eligible for assistance in line with the provisions allocated to students with SLD [16] .
In the US, in diagnosing SLD, the psychometric tests most often employed are the Wechsler tests, the Wide Range Achievement Test-Revised, Woodcock-Johnson PsychoEducational Battery-Revised, and the Bender Visual Motor Gestalt Test [8] . In the United Kingdom, tests such as the Bangor Dyslexia Test, the Dyslexia Screening Test, the Cognitive Profiling System, and the Lucid Adult Dyslexia Screening (LADS) program are used for screening adult dyslexia [17, 18] . In Australasia, similar test batteries as in the US and the United Kingdom are used. However, the use of these tests presents problems in terms of cultural applicability [15, 19] . Consequently, it is reasonable to assert that there are differences in diagnostic systems based on linguistic, legal, political, educational, medical, cultural and geographical preferences.
Putting these seemingly insurmountable differences and difficulties aside and considering them as potential confounding variables, the present author decided to investigate the efficacy of a computerized diagnostic system with the aim of determining whether this system could assist in appropriately and efficiently identifying and assisting students with SLD. Given that in the institution concerned all the students who sought help in 2009 did so because of a reading and writing difficulty, the system considered most appropriate was the LADS [20, 21] .
THE LUCID ADULT DYSLEXIA SCREENING (LADS) PROGRAM
LADS is a computerized system that tests certain areas of cognitive skills, namely word recognition, word construction, working memory, and reasoning ability [20] . Word recognition requires the respondent to utilize lexical decoding to discern real words from non-real words. Word construction requires respondents to produce a coded nonreal word from a set of three syllables. Working memory utilizes a backwards digit span approach whereby the respondent hears a set of digits and has to key in the numbers backwards. Finally, for the reasoning ability task, the respondent views a set of patterns and has to determine the pattern that makes sense in completing a specified sequence.
The word recognition, word construction, working memory test are considered difficult for people with dyslexia [4, 20] . The reasoning task becomes an anchor and provides a measure of general intelligence. The reasoning task provides a frame of reference so that detection of dyslexia can be made based on the discrepancy approach.
In LADS, easier items are delivered first and each test has a time component. If a student has profound difficulties with word recognition, then a long horizontal red bar appears on the report. If the difficulties are evident but not profound, a horizontal orange bar is shown; and if no difficulties are revealed, a green bar appears. The range of the bar is from 1 to 9 on each subtest: the higher the score the greater the weakness in the area being measured [4] . The colour bar for the reasoning ability task is blue and is vertical with five segments.
Lucid Research Ltd [20] emphasizes that LADS is not a diagnostic test per se, but a useful mechanism for determining the likelihood of dyslexia. Thus, a full diagnosis is recommended especially in ambiguous cases. Singleton et al. [21] suggest that the use of a LADS system is ideal in tertiary institutions due to the large student populations. LADS is designed for the 16 years and older age group, and is thus suitable for the university student cohort. It is also comparatively "more affordable" as students can receive immediate feedback on the probability of dyslexia without incurring a high psychologist consultation and assessment fee. It is accessible for teachers, and the resulting information can be incorporated in efforts to improve teaching and learning strategies.
The areas of word recognition, word construction, working memory and reasoning were chosen as they are areas of cognition that are indicated in classical definitions of dyslexia [20] , namely phonological processing, lexical access, working memory, and speed of information processing. These areas are more difficult to compensate for and are likely to persist throughout the affected students' lives; they are also less likely to be influenced by environmental factors.
Some studies have evaluated the LADS. First, Simmons and Singleton [4] found no significant difference between dyslexic and non-dyslexic groups on the working memory task. However, their sample size of 19 per group was low and this may have hampered the test of significance, given that mean differences were noted (dyslexia group yielded a higher mean score). A more recent study [21] investigated the usefulness of computerized screening for dyslexia in adults. The Wide Range Achievement Test (WRAT-3) and in particular the Reading and Spelling tests from WRAT-3 were incorporated as frames of reference [22] . Singleton et al. found that the LADS obtained 90% sensitivity and specificity rates for screening dyslexia (excluding the 'borderline' category). In their study, the "borderline category accounted for 21 participants (16% of the sample) and comprised one-third dyslexics and two-thirds nondyslexics" [21] . The results suggest that there is scope for research into more refined sub-groupings involving individuals who have difficulties with working memory but not with word recognition and word construction.
A further study investigated the differences in a Tutor Screening Battery (TSB) and the LADS with respect to the diagnosis of dyslexia, dyspraxia and Meares-Irlen syndrome [23] . The TSB approach utilized parts of various well-known British dyslexia tests, specifically the newer and older versions of the Bangor Dyslexia Test [24] and the Dyslexia Adult Screening Test (DAST) [25] . The results of this study showed that the TSB system had a more robust overall performance. However, the LADS had higher specificity, but lower sensitivity. According to the authors [23] , the LADS will likely miss a higher proportion of students with SLD. In contrast, the TSB system resulted in more false alarm cases.
Moreover, Singleton et al. [21] state that the DAST has 11 subtests that measure phonological processing and auditory memory. Furthermore, the DAST takes about 30 minutes to administer and it may have problems with validation and standardization. Moreover, the sensitivity and specificity rates for DAST were markedly lower than those obtained for the LADS [21] . These findings and observations have implications with respect to cost, time, and minimising student stress levels [23] . It was for these reasons that the present author trialled the use of the LADS on a student population presenting with SLD in New Zealand. The following statistics were taken from the casebook of the present author who practised at a New Zealand-based university as a registered psychologist.
PSYCHOLOGIST-STUDENT CONSULTATION STA-TISTICS
The operational definition of SLD/dyslexia that was used here was based on the ability-achievement discrepancy determination method [6] . Moreover, follow-up appointments and systematic monitoring systems with faculty and students were employed to ensure that the academic and examination accommodations were consistent with the diagnostic considerations.
The resulting data were considered useful in determining the decision to move from a traditional test-battery system to a computer screening approach (followed by a test-battery system if ambiguities in the LADS diagnosis were indicated). The purpose of Table 1 is to illustrate that there was a clear trend of increasing numbers of students with learning disability issues visiting the psychologist for assessment. This trend suggested that something needed to be done to cater for the needs of these students with respect to ensuring the provision of equitable academic and examination accommodations. Moreover, the financial and staffing constraints of the university meant that there was a need for a more efficient system for diagnosis. Hence, the implementation of the LADS was a practical and exploratory strategy to deal with the increasing numbers of students. [26] . The frequency count data show several trends. First, the number of actual learning assessments increased markedly over the period of 2002 to 2008 from 40 to 94. Second, the number of memos sent to faculty staff concerning students presenting with a SLD also increased over this period, although 2007 was seen as an unusually high year. Student memos included those written on behalf of students who required learning assessments as well as those who already had past documentation from external assessors. The memos contained accommodation recommendations to the relevant faculty pertaining to the student needs determined from their learning assessment, such as reader/writer, supervision details, computer access, distraction free-room, and extra time.
On average, a traditional learning assessment takes 2-6 hours. The time spent on testing is a minimum of 2-3 hours, then there are 1-2 hours of report writing and finally a debriefing session between student and psychologist to explain the findings and consider options for the future [15] . With the introduction of LADS in 2008, testing time was dramatically reduced, as only 18 students required full follow-up assessments due to an unclear diagnosis in the LADS output or anomalous clinical data. The LADS assessment is dependent upon student response rate but was generally around 30 to 45 minutes in duration (including an immediate debrief and discussion on options for the future). The students, thus, do not have to wait for a one-week turn around while the psychologist writes the report and considers the tests results; LADS provides instantaneous feedback.
Using the January to May 2009 consultation statistics for students presenting with SLD, the probability of the presence of SLD can be surmised using the categories (low, borderline, moderate, and high) provided by the LADS system (as presented in Table 2 ). A borderline (or moderate) categorization was regarded as an apparent sign for the psychologist to examine the presence of SLD in the student further [21] . Such considerations were completed in line with data pertaining to the student's presenting history and their intentions for study. The Table 2 data show that 65% of the students yielded a high probability diagnosis of dyslexia. The remaining 35% of students (NA, low, borderline, and moderate) warranted a follow-up (using more traditional methods of assessment and analysis) so that the results could be considered in line with presenting history, as required. The student with NA was unable to initiate one of the tasks, suggesting the need for a more specific follow-up.
ACCOMMODATIONS AND ACADEMIC ASSISTANCE FOR STUDENTS WITH SLD
The consultation statistics provide details on two facets related to assisting students with SLD, namely diagnosis and intervention. Students are first assessed and then monitored and assisted in their learning.
Diagnostic Considerations
The statistics in Table 1 indicate that 90 learning assessments were completed in 2007 and 94 in 2008. It was assumed that the increased interest in, and need for, learning assessments came from faculty interest in the learning assessment process and this was a further factor in securing the LADS program. This assumption was based on the number of faculty emails and phone calls received by the psychologist in this period, and the fact that the increase was unlikely to have been due to other factors such as increased student enrollments, as the increase in enrollments was far less than the increase in consultation numbers. The Health and Environmental Sciences faculty was the key and most prolific referral agency (n = 52; 58%), in comparison with the School of Education (n = 21; 23%) and other faculties (n = 17; 19%). These findings suggest that many students with SLD were, and are, likely engaging in their study without clear knowledge that assistance was/is available.
This finding also highlights different referral rates from different faculties, drawing the conclusion that more students with SLD take courses in Health and Environmental Sciences than in other faculties. This assumption does require more investigation. One possible reason for this anomaly of differential referral rates from different faculties may be linked to disparity in the selection criteria for students at enrollment by faculty. However, the selection criteria for the Health and Environmental Sciences courses are the most stringent of all the faculties in this university, suggesting that the students presenting with SLD are probably only the 'tip of the iceberg'. Accordingly, it was felt that the LADS has the potential to allow for greater accessibility of SLD identification mechanism for students by using a computerized system that would reduce time, cost, and stress and be a more attractive and less invasive option for diagnosis [23] .
Intervention Considerations
In the university system the most common forms of interventions center around accommodation and academic assistance [15] . There are many types of academic and examination assistance available to students with SLD. For example, identification of SLD can engender the provision of reader/writer assistance, a distraction free room, and extra time in assessments. Note-taking assistance during lectures can also be provided. Moreover, advocacy in relation to student negotiation for accommodations with appropriate staff in their faculty or departments can be provided, as well as academic and/or pastoral support [27] . Accommodations provided are in line with those approved by the New Zealand Qualifications Authority suggesting that "alternative assessments need to be considered for diverse students" [28] . Furthermore, it is important to note that there is a legal motivation (as well ethical and educational) behind the implementation of these accommodations. The legal rights of students with disability are embedded in the New Zealand legislative system such as the Human Rights Act 1993 and the New Zealand Bill of Rights Act 1990 that are monitored by the Human Rights Commission [29] .
Key Stakeholders
For the accommodation process to work, several joint ventures need to be considered, namely between students, faculty staff, and administrators [2] . First, students with SLD need to take some responsibility for their learning as they need to initiate the process of obtaining accommodations. To apply for these procedures, students need to be familiar with the process of obtaining disability assistance. The process is usually initiated by the students either by disclosing they have a disability on their enrollment form or going to a student service office for advice [16] . To execute the second step students need to have some familiarity with the university system, what the educational provider can offer and the rights of students with SLD. Given the problem of retention in the first year [30] , students with SLD may be at risk of attrition in this system simply due to not knowing about the details of the system [31] . It is the experience of the present author that systems that can be more easily accessible, such as the LADS, appear to be a more amenable option for students, in comparison to the traditional battery testing approach; thus, the more accessible options contribute to increasing access to accommodations for those students in need of assistance.
Second, faculty need to be encouraged to employ effective and efficient teaching principles to develop inclusion in the teaching environment [32, 33] . It was felt that the LADS would be more agreeable to faculty staff and this was certainly true of the Health and Environmental Sciences faculty and School of Education. Both the faculty and the school became more confident about referring students because they had heard of the LADS program at the end of 2007, and maintained this confidence in the use of LADS into 2008. Moreover, the information gained from the LADS was used to inform faculty staff (with the student's permission), and students with SLD appeared to improve their learning capabilities as they felt faculty were well advised [34, 35] .
Third, administrators are required to implement the services to support students with SLD. Administrative staff is directed by specialist personnel usually by receiving a memorandum in the first instance (see Table 1 ). Verification of the credibility of the student's claim of SLD is sought through authenticated documentation or written confirmation from in-house psychologist/s or other registered psychologists. At universities in New Zealand, these services administer the academic and exam accommodations [16] . These are usually completed in line with the New Zealand Qualification Authority guidelines [36] . The aim of the administration arm of any disability service is to promote the notion of accessibility, and this can be more effectively achieved through the use of systems, such as LADS, which create the scaffold for examination and academic accommodations and promote the availability of assistive technology [37] .
CONCLUSIONS
The aim of this paper was to review the process of assisting students in tertiary education who present with SLD, and to improve on traditional methods of diagnosis that require test batteries. The process begins with identification and continues with intervention. The identification procedures are globally and locally diverse and depend on institutional, geographical and individual differences in terms of assessment preferences. However, the discrepancy theory has been used predominantly as their frame of reference [7, 8] , although other theories have been developed in more recent times, such as responsiveness to intervention [10, 11] . Both theoretical domains require the administration of a battery of tests to discern the presence or absence of SLD. These test batteries are often time consuming, stressprovoking and costly to implement and involve the utilization of many tests that can have some negative repercussions for both the psychologist and the student [23] . In a move to simplify the method of identification and to make the process less invasive, computer screening mechanisms have been developed [20] . The consultation statistics shown in this paper indicate increasing numbers of students being assessed and the system chosen to better manage this increased demand was the use of technology. The high likelihood that the LADS will present with a clear indication of the presence of dyslexia is encouraging and its use is deemed as a possible solution to this increased demand. Moreover, the initial feedback and interest from students and faculty suggest that the aim of increased accessibility is, to some extent, being achieved, and that the LADS approach is timely and amenable for both staff and students.
The paper further reflects on the student load for one psychologist. The increased student consultation workload and increased presentation of students with SLD made the traditional systems untenable for one psychologist and, given the fiscal constraints on further expansion in this area, the LADS system appeared a logical consideration. Moreover, to reduce the cost of time and money for the university it seemed sensible to trial a system that would simplify a traditional approach based on the administration of large batteries of tests. In addition, more students could be assisted in defining the underlying characteristics of the learning disability and, hence, by ascertaining with some confidence whether or not they were likely to have dyslexia, a specific area of SLD. It was important for the psychologist at this institution to be aware of the complexity of the issue and that one computer output is what it is -one piece of valuable information, but not the whole story. Other features needed to be taken into consideration with the computer output, namely prior documentation, and the student's clinical and educational history. Additionally, if the output showed a borderline or moderate diagnosis, then further testing or investigation was needed [21, 23] . Even if the computer output presents with a 'high' or 'low' probability of dyslexia, further testing may be warranted depending on the student's past history and their inclination towards further assessment, thus reinforcing a student-centered approach.
The identification process naturally leads to an intervention phase. This phase requires students to be selfadvocates and to apply a sense of self-determination [33] . It also necessitates compliance and assistance from faculty and administrative staff. The use of LADS not only allows students greater accessibility to the knowledge around their learning disability, but also improves their chance of accessing assistance from disability support systems and faculty-based mechanisms [16, 32, 38] . With the increased sense of support, students will likely improve their chances of retention and academic success [1] . The paper postulates that students who have an SLD diagnosis are more likely to be linked into support services and that this will enhance accessibility to their studies. This is a reasonable assertion as the evidence that the provision of support alters the success and retention rates of students with SLD does exist in overseas contexts [9] .
Nonetheless, there is still debate as to which diagnostic system provides the most effective method for determining the presence or absence of SLD [22] , as there are several considerations related to accuracy and efficiency. It is unclear whether the computerised screening system does, or will, enhance accessibility for students with SLD. However, what is clear is that the computerized system does improve efficiency. A major problem with the LADS is that the screening device is not validated for the New Zealand population. Moreover, the existing psychometric data for other populations [23] show the LADS to have some problems with sensitivity as a detector of SLD. This indicates that the LADS could well be missing cases of SLD. This may be a problem given that only the 'ambiguous' cases are required for further testing. As such, the LADS must not be used as a standalone screening test until the issue of both adequate specificity and sensitivity for the target population is resolved. However, this argument can also be applied to existing traditional systems such as the TSB. Consequently, these arguments confirm that further research is of paramount importance. Despite these limitations, this assessment tool (LADS) serves a useful purpose and is a useful adjunct to existing systems. Due to increased student numbers requiring assessment, fiscal constraints and an inability to increase staff numbers, the present author was required to find an alternative system, or adjunct, to the traditional battery based procedures. It is acknowledged that further research is required within the New Zealand context before full confidence in this system can be assured.
Finally, this paper was a review of the process of identification and intervention with respect to students with SLD. As such the discussion utilized a case study approach drawing from the experiences of, and data gathered by, one psychologist within one university. To investigate the generalizability and full usefulness of the LADS, further research is recommended. Some suggested areas include: (i) further psychometric evaluation; (ii) examining the alignment between the output of the LADS and the accommodations provided; (iii) reviewing the cross-cultural suitability of the LADS; (iv) considering the academic attainment implications of accommodations; and (v) undertaking further comparisons of the LADS with traditional approaches.
